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l NTRODUCT l ON 
A u x i l  i a r y  p ropu l s i on  f o r  the  Space S h u t t l e  has been i d e n t i f i e d  as a 
c r i t i c a l  technology area. Requirements f o r  long system 1 i f e ,  
reusabi 1 i t y ,  minimal checkout and maintenance, and h i g h  performance 
a re  unique and c r i t i c a l  t o  t he  Space Shu t t l e  concept, The technology 
base f o r  a u x i l i a r y  p ropu l s i on  systems u t i l i z i n g  gaseous hydrogen and 
g a s e o ~ ~ s  oxygen, the  se lec ted  propel  l an ts ,  i s  ve ry  1 imi ted,  however, 
and a major  ex tens ion  t o  cu r ren t  s t a t e - o f - t h e - a r t  w i l l  be needed t o  
meet such requirements. I n  a d d i t i o n ,  cons i de ra t i on  o f  t r a n s l a t i o n a l  
p ropu l s i on  (e.g., o r b i t a l  maneuvering) w i l l  impose an added complex i ty .  
To insure t h a t  dec i s i on  m i les tones  can be met i n  a t i m e l y  manner, thus 
lead ing  t o  an acceptable Space S h u t t l e  devel opment schedule, NASA 
has i n i t i a t e d  an in-depth component and system technology program 
i n  t h i s  area, 
https://ntrs.nasa.gov/search.jsp?R=19700030320 2020-03-23T18:46:14+00:00Z
APS Techno1 ogy PI an 
F ive  general ob j ec t i ves  have been out1 ined f o r  the technology 
work i n  the  aux i  1 i a r y  p ropu ls ion  system (APS) area. A con t inu ing  
e f f o r t  i s  devoted t o  i d e n t i f i c a t i o n  o f  technology needs, as r e l a t e d  
t o  the  most cu r ren t  opera t iona l  requi  rements, and t o  assessment 
o f  technology s t a t u s  r e l a t i v e  t o  the needs. Screening o f  components 
and subsystems, t o  de f i ne  t he  most a t t r a c t i v e  systems, i s  requ i red  
i n  o rder  t o  prov ide a reasonable 1 i m i t a t i o n  t o  the  work i n  t h i s  area. 
For those i tems no t  previous1 y  evaluated, fundamental l i m i t s  as we1 1 as 
opera t iona l  1 i m i t s  must be es tab l i shed  i f  o v e r a l l  f e a s i b i l i t y  i s  t o  
be demonstrated. The l a rges t  e f f o r t s ,  however, w i l l  be devoted t o  
genera t ion  o f  ex tens ive  eng ineer ing  data. Such da ta  w i l l  prov ide 
an in-depth understanding o f  system and component des ign and operat  ion, 
and they  w i l l  a l s o  be use fu l  i n  e s t a b l i s h i n g  rea l  i s t i c  performance and 
des ign c h a r a c t e r i s t i c s .  Th is  technology l eve l  i s  r equ i r ed  i f  s h u t t l e  
v e h i c l e  s tudy  e f f o r t s ,  bo th  c u r r e n t  and f u t u r e ,  a re  t o  be meaningful ,  
and i f  r i s k  i s  t o  be minimized i n  the development stage. F i n a l l y ,  
du r ing  the  development program i t s e l f ,  i t  i s  expected t h a t  technology 
e f f o r t s  may be requ i red  t o  prov ide support  o r  t o  exp l o re  a t t r a c t i v e  
a1 t e rna te  approaches, possi b l  y  approaches o f f e r i n g  improvements i n  system 
performance. 
The approach t o  meeting these ob j ec t i ves  i s  p r i m a r i l y  as out1 ined, 
System concepts wi 1 1 be de f ined ,  and assoc ia ted components and subsystems 
i d e n t i f i e d .  A n a l y t i c a l  screening w i l  l reduce the number t o  a  workable 
l e v e l ,  and then experimental  eva l ua t i on  o f  the  c r i t i c a l  i tems w i l l  be 
conducted. Th i s  es tab l  ishes performance c h a r a c t e r i s t i c s  necessary 
f o r  f i n a l  system design. U l t ima te1  y, complete system eva lua t i on -  
bo th  a n a l y t i c a l  1 y  and experimental  1 y-wi 1 1  be r equ i r ed  t o  ob ta i n  an 
understanding o f  component and subsystem i n t e r a c t  ions. 

A u x i l i a r y  Propu ls ion  System 
Technology Plan - Responsibi 1 i t  i e s  
To conduct t h i s  technology prograin on the P , P S ,  th ree  centers  - 
Lewis Research Center, Marshal 1 Space F l  i g h t  Center, and the Manned 
Spacecraft  Center - have been assigned c e r t a i n  general  responsib i  1 i t  ies,  
D e f i n i t i o n  of system requirements w i l l  be a pr ime r e s p o n s i b i l i t y  o f  
MSFC and MSC due t o  t h e i r  c lose  r e l a t i o n s h i p s  t o  the  cu r ren t  veh i c l e  
s tud ies ,  Associated feed system technology e f f o r t s ,  and i n  p a r t i c u l a r  
the  feed system-vehic le  i n t e g r a t i o n ,  w i l  l a l s o  be p r i m a r i l y  conducted 
by these centers ,  The t h r u s t e r  technology program, which inc ludes 
e f f o r t s  on t h r u s t  chamber cool ing, combust ion,  i g n i t i o n ,  and con t r o l  
va lves,  w i l l  be the  r e s p o n s i b i l i t y  o f  Lewis, Obviously,  c lose coord ina-  
t i o n  between a l l  th ree  centers  and t h e i r  assoc ia ted con t r ac to r s  i s  
requ i red  i f  dupl i c a t i o n  o r  unnecessary e f f o r t s  a re  t o  be avoided, 
and i s  r e s u l t s  are t o  be u t i l  ized i n  a t i m e l y  manner, 

APS D e f i n i t i o n  Study 
Basic t o  a1 I the e f f o r t  i n  the  a u x i l  i a r y  p ropu ls ion  area a re  t he  
APS D e f i n i t i o n  Study con t r ac t s  recent1 y  awarded, These s tud ies  wi 1 1  
generate in fo rmat ion  and data f o r  use i n  the o v e r a l l  s h u t t l e  veh i c l e  s tudy  
e f f o r t s  as we l l  as f o r  the  technology programs. The s t ud i es  a re  broad 
i n  scope i n  o rder  t o  i d e n t i f y  a t t r a c t i v e  concepts, t o  d e f i n e  ranges 
o f  appl i c a t i o n ,  t o  d e f i n e  any 1 i m i t a t i o n s  on performance o r  design, t o  
i d e n t i f y  c r i t i c a l  technology areas, and t o  e s t a b l i s h  development 
o r  techno1 og y  p r i o r  i t ies. 
To be r ea l  i s t i c ,  the  s t ud i es  are centered around two d i f f e r e n t  
veh i c l e  designs represen ta t i ve  o f  the  ones cu r ren t1  y  under cons idera t ion .  
For these veh ic les ,  t r a d e - o f f  s t ud i es  w i l l  be conducted f o r  a  v a r i e t y  
o f  system concepts, and f o l  lowing a  screening and s e l e c t  i on  process, 
p r e l  iminary  des ign s tud ies  and t rades  wi 1 1  be performed i n  d e t a i l .  
To be inc luded i n  the  s tudy a re  guidance and c o n t r o l  ana l ys i s ;  e f f e c t s  
o f  veh i c l e  c o n f i g u r a t i o n  on t h r u s t  l e v e l ,  number o f  engines, and l o c a t i o n  
o f  engines; de te rmina t ion  o f  t o t a l  impulse and impulse b i t  requi rements;  
d e f i n i t i o n  o f  veh i c l e  i n t e r i o r  environments; and, f i n a l l y ,  des ign o f  t h e  
feed system based on these and var ious  o ther  inpu ts  from the  study. 
A key f a c t o r  i n  these s t ud i es  i s  t h a t  t he  r e s u l t s  must have s u f f i c i e n t  
scope and f l e x i b i l i t y  t o  be p e r t i n e n t  t o  o t he r  s h u t t l e  veh i c l e  des igns 
as t hey  evolve. Another impor tant  cons idera t ion  i s  t h a t  systems f o r  
a t t i t u d e  con t r o l ,  w i t h  va ry ing  requirements f o r  t r a n s l a t i o n a l  maneuvers, 
a re  t o  be evaluated and opt imized.  Th i s  eva l ua t i on  w i l l  be of importance 
i n  e s t a b l i s h i n g  p r e l i m i n a r y  requirements f o r  t he  O r b i t e r  Maneuvering 
System (OMS). 
Fol low-on a c t i v i t i e s  i n  the  d e f i n i t i o n  area may be necessary t o  
eva lua te  i n t e g r a t i o n  o f  the a u x i l  i a r y  p ropu ls ion  feed system w i t h  
o t h e r  cryogenic  s torage and feed systems o f  the  Space .Shu t t le .  The 
d e s i r a b i l i t y  o f  such i n t e g r a t i o n  i s  p resen t l y  be ing evaluated. 
More in-depth s tudy i s  requi red,  however, t o  f u l l  y  e s t a b l  i s h  t h e  
impact o f  such i n t e g r a t i o n  on t he  APS requirements. 

APS D e f i n i t i o n  Study - R e s p o n s i b i l i t i e s  
Th i s  d e f i n i t i o n  s tudy i s  t o  be performed by two d i f f e r e n t  
con t r ac to r s ,  r e p o r t i n g  t o  MSFC and MSC as shown. The work i s  d i v i d e d  
i n t o  low pressure s t ud i es  and h i gh  pressure s tud ies ,  r e f l e c t i n g  the  
general  types of feed systems t o  be separate1 y  evaluated. Low pressure 
feed systems u t i l  i z e  t he  main engine ascent tankage i n  some manner, 
and the  APS t h r u s t e r s  operate i n  the  range o f  10-20 ps ia .  High pressure 
APS t h r u s t e r s  have chamber pressures i n  t he  o rder  o f  100-500 ps ia ,  and 
the  assoc ia ted feed system may use t u r b o  pumps, as one example. 

A t t i t u d e  Contro l  P ropu ls ion  System 
Technology Plan 
The A t t i t u d e  Contro l  Propuls ion System (AcPS) i s  requ i red  t o  
s a t i s f y  a l l  the a t t i t u d e  c o n t r o l  f unc t i ons  as we l l  as some amount 
o f  t r -ans la t  ional maneuvering, The overa l  l p l an  f o r  technology 
e f f o r t s  i n  t h i s  area begins w i t h  the APS D e f i n i t i o n  Studies. These 
s tud ies  wi 1 l es tab l  i sh  d e t a i l e d  requirements f o r  bo th  ACPS engine 
and feed system components, However, based on p r e l i m i n a r y  knowledge 
o f  these requirements, component eva l ua t i on  w i l l  s t a r t  p r i o r  t o  
complet ion o f  the  d e f i n i t i o n  s tud ies .  Hope fu l l y ,  component data w i l l  
be a v a i l a b l e  i n  t ime t o  f a c t o r  i n t o  t he  d e f i n i t i o n  s tud ies .  As r a p i d l y  
as poss ib le ,  work on breadboard systems w i l l  be i n i t i a t e d  t o  gather  
i n f o rma t i on  on component i n t e rac t i ons .  Marr iage o f  the  engine and 
feed system i n t o  a  complete i n t eg ra ted  package w i l  1 be the  f i n a l  s tep  
i n  the  technology program. 
I d e n t i f i c a t i o n  o f  technology requirements w i l l  be a con t inu ing  
process throughout the course o f  the technology e f f o r t s .  Such ident  i f  i c a -  
t i o n  can come from many d i f f e r e n t  sources (such as t h e  Phase €3 Vehic le  
Stud ies) ,  and t he  technology e f f o r t s  wi l l be mod i f ied ,  as necessary, t o  
r e f l e c t  the  l a t e s t  requirement.  

A C S  Engine Technol ogy Program 
I n  t h e  eng ine techno logy  area,  t h e  genera l  o b j e c t i v e  i s  aga in  
t o  e s t a b l  i s h  a comprehensive techno logy  base, The genera l  approach 
has been c o  b reak  che e f f o r t  down i n t o  [our key i tems; ( 1 )  i r ~ j e c t i o r :  
t echn iques  f o r  gaseous p rope l  l a n t s ,  (2 )  chamber coo l  i ng  des igns  f o r  
l o n g  1 i f e ,  (3)  re1 i a b l e  i g n i t i o n  concepts f o r  hydrogen-oxygen i n  
a manner c o n s i s t e n t  w i t h  a t t i t u d e  c o n t r o l  requ i rements ,  and (4) d e s i g n  
o f  va l ves  f o r  f a s t  ope ra t  i o n  and h i g h  c y c l e  1 i f e .  I n  a1 l these  a reas ,  
t h e  o p e r a t i o n a l  1 i m i t s ,  1 i f e  expectancy,  resnonse, and performance 
must be e s t a b l  i shed on t h e  component l e v e i  , Next,  i n t e g r a t i o n  and 
e v a l u a t i o n  o f  i n t e r a c t i o n s  must be accompl ished. For thcoming f rom 
t h i s  e f f o r t  w i l l  be t h e  des ign  d a t a  n e ~ e s s a r y  f o r  i n i t i a t i o n  o f  l o w -  
r i sl< devel  opment. 
Cons ide ra t i ons  un ique t o  t h e  s h u t t l e  v e h i c l e  concept w i l l  
g u i d e  t h e  e f f o r t s  i n  a l l  o f  t h e  techno logy  areas.  One hundred 
m i s s i o n s  (as a g o a l )  w i t h  m u l t i p l e  uses on each f l i g h t  c o n s t i t u t e  
severe  requ i rements .  To do  t h i s  w i t h  a minimum o f  i n s p e c t i o n  and 
s e r v i c i n g  i s  p a r t i c u l a r l y  demanding. F i n a l  1 y, s i n c e  m i s s i o n  requ i remen ts  
a r e  n o t  w e l l  e s t a b l  ished, and, indeed, s i n c e  t h e y  may never  be, t h e  
a u x i l i a r y  p r o p u l s i o n  system must be capab le  o f  w i d e l y  v a r y i n g  o p e r a t i n g  
ranges. These c o n s i d e r a t i o n s  have a ma jc r  impact on eng ine des ign,  
and t h e  e n t i r e  eng ine  techno logy  program i s  devoted t o  o b t a i n i n g  a n  
unders tand ing  o f  how these requ i remen ts  can bes t  be met, and t o  what 
degree . 

ACS Eng i ne Techno1 og y  Areas 
Considerat ions t o  be i nves t i ga ted  f o r  each component area are l i s t e d .  
Work on i n j e c t o r s  w i l l  be conducted j o i n t l y  w i t h  t he  coo l i ng  ana l ys i s  o f  
the t h r u s t  chambers. Since performance o f  the a t t i t u d e  con t r o l  t h r u s t e r s  
i s  no t  as important a  cons idera t ion  as d u r a b i l i t y  and 1 i f e ,  i n j e c t o r  e f f o r t s  
w i l l  p r i m a r i l y  be devoted t o  ach iev ing  a coo l ,  un i f o rm  boundary layer .  
S t reak ing  must be minimized, and the  w a l l  temperatures must be kept t o  a  
ve ry  low value, i f  thermal f a t i g u e  problems are t o  be avoided. Estab l ishment  
o f  ope ra t i ona l  I i m i t s  - such as p rope l l an t  temperature and pressure ranges - 
w i l l  a l s o  be an impor tant  p a r t  o f  t h i s  i n v e s t i g a t i o n .  The i r  e f f e c t s  on m i x t u r e  
r a t i o  and t h r u s t  l e ve l  wi I 1  be evaluated,  and c o n t r o l  techniques determined. 
I n  the i g n i t i o n  area, th ree  approaches are be ing pursued. E l e c t r i c a l  
i g n i t i o n  - which inc ludes spark p lugs and plasma dev ices - c o n s t i t u t e s  t h e  
main stream e f f o r t .  Operat ing 1 i m i t s  and des ign va r i ab l es  w i l l  be eva lua ted  
For these u n i t s .  I n v e s t i g a t i o n  o f  t he  problems assoc ia ted w i t h  h i gh  
t ens i on  e l e c t r i c a l  leads, and the  poss ib le  e lec t romagnet i c  i n t e r f e rence  (EMI) 
f rom spark p lugs,  w i l l  be included. C a t a l y t i c  i g n i t i o n  has been under 
i n v e s t i g a t i o n  by LeRC f o r  a  number o f  years. Many des ign va r i ab l es  and 
opera t ing  l i m i t s  are a l ready  known. For the  Space Shu t t l e ,  design c r i t e r i a  
w i l l  be extended, d u r a b i l i t y  and I i f e  o f  the  c a t a l y s t  bed w i l l  be more 
f i r m l y  es tab l  ished, and improvements i n  the  des ign - such as hea t ing  o f  t he  
c a t a l y s t  bed t o  promote more r a p i d  i g n i t i o n  a t  low p rope l l an t  temperatures - 
w i l l  be made. A t h i r d  approach which i s  be ing inves t iga ted ,  a l though  t o  a  
more 1 im i ted  amount than f o r  e l e c t r i c a l  o r  c a t a l y t i c  devices, i s  the  use o f  
a u t o - i g n i t  ion. Th is  concept uses t he  so-cal l ed  "resonance tube" i g n i t i o n  
p r i n c i p l e .  Hydrogen gas f lows  from a nozz le  and impinges on the  open end 
o f  a  tube (closed a t  the o ther  end). Shock waves i n  the  tube cause an 
increase i n  gas temperature. Oxygen gas, admi t ted from the closed end, w i l l  
then i g n i t e  w i t h  the hot  hydrogen gas. Th i s  concept has been the  sub jec t  o f  
research programs a t  several  labs (e.g. LeRC and Ohio S ta te  Un i ve r s i t y ) ,  bu t  
the re  a re  s t i l l  many des ign var iab les ,  opera t ing  1 im i t s ,  and o ther  unknowns 
which must be resolved. 
The area o f  va lves represents  a  major problem area, and one i n  which 
the S h u t t l e  requirements - as p resen t l y  known - are we l l  beyond cur r 
s ta te -o f - t he -a r t .  To achieve low leakage values, f o r  the  l a rge  number 
o f  requ i red  cyc les ,  w i l l  necess i ta te  major advances i n  sea l i ng  c losure  ~ ' e s i g n .  
Our program w i l l  screen va lve concepts and exper imenta l l y  eva lua te  desigxl 
c r i t e r i a  f o r  many d i f f e r e n t  seal i ng  c losures  (e.g. poppet, b a l l ,  b u t t e r f  I \ ; ,  
blade, e tc . )  Both metal -on-metal and metal - on -p l as t i c  seat combinat ions 
w i l l  be included. For the  low pressure APS, weight and response o f  the va i  ,,es 
w i l l  be a major problem t o  overcome. L ine s izes,  hence the valves, w i l l  be 
ve ry  l a rge  (6-9 inches d iameter) .  New va l v i ng  concepts may be requ i red  
f o r  t h i s  system. 
Fo l low ing  the above component e f f o r t s ,  a  complete engine package w i l l  
be assembled and t es ted  t o  determine i n t e r a c t  i on  e f f e c t s ,  pu l s i ng  performance, 
and 1 i f e .  

ACPS Engine Program Schedule 
The schedule f o r  t h e  eng ine  program i s  shown or; r h e  a t t a c h e d  
f i g u r e ,  Pa ra l  l e l  and mu1 t i p l e  c o n t r a c t s  on t h r u s t e r s ,  i g n i t i o n ,  and  
va lves  w i ! l  ex tend  f rom Ju ly ,  1970 t o  J u l y ,  1971, New programs 
under c o n s l d e r a t i o n  For t h i s  f i s c a l  year (FY 197!]  i n c l u d e  e f f o r t s  
on p ressu re  r e g u l a t o r s  and gas/gas combust ion,  Pressure  r e g u l a t i o n  
w i l  1 be c r i t i c a l  f o r  eng ine  m i x t u r e  r a t i o  c o n t r o l ,  and re1 i a b l e  components 
i n  t h i s  area a r e  a  n e c e s s i t y .  S ince our  unders tand ing  o f  gas/gas 
combust ion and combust ion i n s t a b i l i t y  i s  l i m i t e d ,  e f f o r t s  i n  t h i s  a r e a  
a r e  a1 s o  necessary.  Fo l  1 owing comp le t i on  o f  t h e  component work, 
comple te  eng ine  breadboard systems w i  l l be assembled and t e s t e d ,  u s i n g  
optimum and f l i g h t w e i g h t  ( o r  a t  l e a s t  f l  i g h t  t y p e )  components. NASA 
in-house a c t i v i t i e s  w i  1 1  be m a i n t a i n e d  th roughou t  t h e  techno logy  t ime 
p e r i o d  t o  suppor t  t h e  c o n t r a c t  e f f o r t s ,  These a c t i v i t i e s  c o n s i s t  o f  
e v a l u a t i o n  o f  a1 t e r n a t e  component and system concepts,  as we1 1 as 
i n t e g r a t i o n  o f  components f rom seve ra l  d i f f e r e n t  c o n t r a c t o r s .  Close 
c o o r d i n a t i o n  w i l l  be m a i n t a i n e d  w i t h  t h e  system d e f i n i t i o n  s t u d i e s  
and w i t h  t h e  Phase B V e h i c l e  S tud ies .  

A t t i t u d e  Control  Propuls ion System 
Feed System Program 
Th is  program w i l l  be based upon i d e n t i f i c a t i o n  o f  a t t r a c t i v e  
feed system approaches du r i ng  the  APS D e f i n i t i o n  Studies. Components 
o f  such systems wi 1 1  be inves t iga ted ,  and, u l t i m a t e l y ,  system breadboards 
w i l l  be evaluated, Some p rev i ous l y  i d e n t i f i e d  c r i t i c a l  components 
and t h e i r  des ign cons idera t ions  a re  1 i s ted .  L i q u i d  a c q u i s i t i o n  dev ices 
a re  p a r t i c u l a r l y  c r i t i c a l ,  be ing bas i c  t o  many d i f f e r e n t  types o f  
feed systems. Such dev ices probably  c o n s t i t u t e  t he  area o f  g rea tes t  
unknown and wi 1 1  r equ i r e  i n t ens i ve  i n v e s t i g a t i o n  t o  es tab l  i s h  f e a s i b i  l i t y  
and t o  determine des ign parameters. 

A t t i t u d e  Control  P ropu ls ion  System 
Feed System Program Schedule 
As p r e v i o u s l y  ind ica ted ,  e f f o r t s  w i l l  s t a r t  on c r i t i c a l  components 
as r a p i d l y  as poss ib le .  .As components become ava i l ab l e ,  feed system 
breadboards w i l l  be f a b r i c a t e d  and tested.  Several  component and 
system areas have previous1 y  been i d e n t i f i e d ,  and e f f o r t s  a re  a l  ready 
underway as shown. Gaseous feed system f l o w  dynamics w i l l  be an 
e f f o r t  under t he  cognizance o f  MSC f o r ' FY  1971. E f f e c t s  o f  v i b r a t i o n  
and cyc l  ing on be l  lows des ign i s  be ing eva lua ted  under a LeRC c o n t r a c t  
w i t h  B e l l  Aerosystems, inc .  I n  support  o f  t he  NASA program, the  
A i r  Force i s  conduct ing work on p rope l l an t  o r i e n t a t i o n  and gaging. 
Close coo rd i na t i on  w i l l  be mainta ined w i t h  t h e  system d e f i n i t i o n  s t ud i es ,  
engine component and breadboard eva lua t ions ,  and the  Phase B 
veh i c l e  s tud ies .  

O r b i t e r  Maneuvering System (OMS) Engine 
Large t r a n s l a t i o n a l  maneuvers wi 1 1  p lace  a  premium on h i gh  
performance. The need f o r  h i gh  s p e c i f i c  impulse, a long w i t h  t h r u s t  
requirements o f  8,000 t o  15,000 I bs. may r equ i r e  another engine 
system i n  a d d i t i o n  t o  the  a t t i t u d e  con t r o l  p ropu ls ion  system. This  
eng i ne wi 1 l have requ i  rements (actua l  1 y  goal s  a t  t he  present  t ime) 
and imp1 i ed  des ign cons idera t ions  as shown. The use o f  he1 ium 
p r e s s u r i z a t i o n  o r  autogeneous p r e s s u r i z a t i o n  f o r  mu1 t i p l e  r e s t a r t s  
wi 1 1  r equ i r e  ca re fu l  eva lua t ion ,  Use o f  autogeneous p ressu r i za t i on  
m igh t  p rov ide  a  l i g h t e r  weight system, but would r equ i r e  a  pressure-  
fed  i d l e  made f o r  engine s t a r t ,  a long w i t h  qu i ck  ch i l l down  c a p a b i l i t y .  
Reusabi l  i t y  ( f o r  100 miss ions)  imp1 ies an engine t h a t  i s  e a s i l y  
inspected and maintained. Re1 i a b i l  i t y  requirements w i l l  p lace a 
premium on conservat ive s a f e t y  margins and design, F l e x i b i  l i t y  i n  t h e  
engine i s  des i r ab l e  t o  prov ide p rope l l an t  u t  i 1 i z a t  ion c o n t r o l  (by 
capabi l i t y  f o r  operat ion over a  broad m i x t u re  r a t i o  range). l n teg ra t  i on  
t o  t he  l a r g e s t  poss ib le  ex ten t  w i t h  the ACPS i s  a l s o  des i r ab l e  t o  p rov ide  
minimum weight  and maximum re1 i a b i l  i t y  f o r  the  t o t a l  a u x i l  i a r y  
p ropu l s i on  system. 
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OMS Engine Program 
Several  programs i n  t h i s  area a r e  planned f o r  FY 1971, M S C  w i l l  
conduct an OMS/Vehicle T rade-Of f  S tudy t o  %stab1 i s h  system requ i remen ts ,  
d e s i r a b l e  degree o f  i n t e g r a t i o n  w i t h  the  ACPS, and a t t r a c t i v e  feed system 
designs.. LeRC wi 1 I conduct an eng ine  c h a r a c t e t i z a t  i on  program, 
c o n c e n t r a t i n g  on turbopump d r i v e  c y c l e  gcreen ing and s e l e c t i o n ,  f o l l o w e d  
by  p r e l  i m i n a r y  eng ine  des ign.  As i n d i c a t e d ,  t h i s  c h a r a c t e r i z a t i o n  would  
a l s o  i n c l u d e  dynamic mode l i ng  and c o n t r o l  system e v a l u a t i o n .  T h i s  
program would be s i m i  l a r  t o  r e c e n t  programs conducted b y  LeRC f o r  
c h a r a c t e r i z a t i o n  o f  a FLOX Methane Engine (NAS3-12010 and NAS3-12024). 
' Fu r the r  e f f o r t s  on e v a l u a t i o n  o f  f i b e r g l a s  composi te feed  1 ines  i s  a l s o  
planned. Such 1 i nes  may p r o v i d e  a q u i c k  c h i 1  ldown c a p a b i l  i t y ,  d e s i r a b l e  
f o r  b o t h  t h e  OMS eng ine  and the  main  eng ines o f  t h e  Space S h u t t l e .  

